Abstract: To define the associated cerebrovascular hemodynamic alterations in neonatal asphyxia, the anterior cerebral arteries (ACA) and the internal cerebral veins (ICV) were examined by Doppler ultrasound in 12 term asphyxiated and 22 control infants. In the control infants , the cerebral blood flow velocities in both ACA and ICV increased gradually in the first month of life . There were no significant differences in the blood flow velocities between the control and asphyxiated infants without major neurological impairment . On the other hand, in all asphyxiated infants with major neurological impairment , abnormally high blood flow velocities in ACA and ICV (>+3 SD above the means for the control infants) and an abnormally low index of cerebral circulatory resistance (RI) values (<0.55) were observed within a few days after birth , and thereafter the blood flow velocities decreased during the first month . In conclusion, the high blood flow velocities in ACA and ICV, and the low RI values within a few days after birth, and the decrease in the blood velocities during the first month may be considered as signs of a grave prognosis for future neurological development in asphyxiated infants.
Introduction
Birth asphyxia is one of the most major causes of mortality and morbidity in infants born at term, and the long-term prognosis of severely asphyxiated infants is a high incidence of handicaps.
The measurement of cerebral blood flow velocity (CBFV) by the Doppler technique is a noninvasive monitoring method and is easily performed at the bedside . In severely asphyxiated infants, a higher CBFV has been found during the first 4 days of life1) , and data for experimental animals show that cerebral blood flow (CBF) increases significantly with acidosis and hypercapnia2).
As to the index of cerebral circulatory resistance (RI)3) , the values are very low soon after birth in asphyxiated infants4,5) , and the low RI values indicate vasodilation and decreased resistance to blood flow6) . To understand the hemodynamics of the brain in asphyxiated infants , we have applied the transcranial Doppler technique to infants with clinical diagnoses of hemodynamic changes in neonatal asphyxia.
This approach reveals the hemodynamic changes of CBFV in asphyxiated newborn infants in the first month after birth and its influence on the clinical outcome .
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Subjects and Methods
Twelve term infants were examined on the basis of the following criteria: one-minute Apgar scores of 6 or less (Tables 1 and 2 ). All the infants, except one, could be discharged from the hospital, and they were folowed up for a period of 8 months to 2 years 4 months. One infant required hospitalization because of the basence of spontaneous respiration, with complete dependence on mechanical ventilation (Case 3). Nine of the 12 asphyxiated infants were observed to be both neurologically and developmentally normal in follow-up studies. Complications of major neurological impairment were evident in 3 infants. The Sarnat classification7) was used for defining the 3 clinical stages of hypoxic-ischemic injury to the brain due to perinatal asphyxia; all 3 infants were judged to have hypoxic-ischemic encephalopathy (HIE) stage III, including stupor, profound hypotonia, hypothermia, and absence of the suck and Moro reflexes. Multicystic encephalomalacia was demonstrated by CT scanning and magnetic resonance imaging in these 3 infants. A control group of nearly term infants of adequate birth weight for their date, was also studied; no case had asphyxia (one-minute Apgar score of 7 or more), cardiovascular defect or neurological abnormality.
Examinations were performed using a duplex Doppler scanner (ULTRAMARK 4, parallel to the asctnding portion of the anterior cerebral arteries (ACA) and the maximum Doppler signal was recorded. When the Doppler probe was angled posteriorly , the Doppler signal from the internal cerebral veins (ICV) was detected as non-pulsatile waveforms8'9~. The peak systolic velocity (PSV), the end-diastolic velocity (EDV) and the mean flow velocity (MFV) in ACA were calculated from the Doppler sonograms. The index of cerebral circulatory resistance (RI) in ACA was calculated according to the formula of Pourcelot3) , RI=(PSV-EDV)/PSV. Carbon dioxide tension was obtained from transcutaneous carbon dioxide tension measurements (tcPCO2). Blood pressure measurements were performed by utilizing a noninvasive oscillometric method (Dinamap).
The differences between the mean values of MFV in ACA , the velocity in ICV (ICVV), and RI in ACA were assessed by Student's two-sample t test. A P value of less than 0 .05 was considered statistically significant.
Results
The first month of life was divided into five periods: day 0, day 1, days 2 to 7, days 8 to 14, and days 15 to 28. The mean values of MFV in ACA, ICVV and RI from the control infants are shown in Table 3 , together with 3 standard deviations (SD) above the means of MFV and ICVV. In this group, linear increases were found in MFV and ICVV during the first month of life. Similar increases in MFV and ICVV were found in the group of asphyxiated infants without major impairment, and there were no statistically significant differences between the two groups in each period (Figs . 1 and 2). In the RI values, there were also no significant differences between the two groups ( Fig . 3) .
In the group of asphyxiated infants with major impairment, MFV and ICVV were remarkably higher in the first few days after birth. The highest values of MFV in cases 1 , 2 and 3 were 21 cm/sec on day 0, 58 cm/sec on day 1 and 68 cm/sec on day 6 , respectively (Fig. 4) . The highest ICVV in cases 1, 2 and 3 were 9 cm/sec on day 2, 15 cm/sec on day 13 and 19 cm/sec on day 8, respectively (Fig. 5 ). But no hypertension or hypercapnia was observed even in these higher CBFV periods, and some hypocapnia was noted with the respirators at high frequency settings. Thereafter, MFV and ICVV decreased during the first month of life. The RI values in the three infants were very low shortly after birth.
The lowest values of RI in cases 1, 2 and 3 were 0.47 on day 0, 0.33 on day 1 and 0.27 on day 6, respectively. Contrary to CBFV, they increased to 1.0 during the first month (Fig. 6 ). All these 3 infants had MFV and ICVV values of more than 3 SD above the means of the control infants, and RI values of less than 0.55, but very few of the infants without major impairment had such high MFV and ICVV values or such a low RI value (Table 4) . A high MFV in the ACA value has a sensitivity of 100% and specificity of 100% , a high ICVV value has a sensitiivty of 100% and specificity of 88%, and a low RI value has a sensitivity of 100% and specificity of 67%. caused by a cerebraledema-induced increase in intracranial pressure and venous compression due to esvere perinatal asphyxia. We found a higher CBFV in asphyxiated infants with major impairment a few days after birth. Three other groups have previously reported similar observations1,6,11). We also observed low RI values in asphyxiated infants shortly after birth. This has also been reported by many groups4-6), and probably indicates vasodilation and decreased resistance to blood flows6), and a poor prognosis4) . Levene and colleagues11) have reported that a high CBFV may be induced by vasoparalysis of cerebral arterioles and that the combination of a low RI and a high CBFV supports the concept of cerebral vasoparalysis. Severely asphyxiated infants have relatively high MFV and low RI values both before and after transfusions for the treatment of anemia, whereas normal infants show an inverse relation between the haemoglobin concentration and MFV. This result suggests disruption of the homeostatic mechanism responsible for keeping brain oxygen transport constant and for the defective cerebrovascular reactivity to oxygen in asphyxiated inf ants12) .
The RI values fall with the increase in the tidal carbon dioxide concentration (hypercarbia) in normal term infants, and this fall in the RI values is due to increased end-diastolic velocity13) . CBF is strongly correlated with the arterial blood pressure in infants with asphyxia and with RDS, as judged from the 133Xe clearance technique14). On the contrary , van Bel and colleagues1) reported that the blood gasses and arterial blood pressure were within normal limits during the period of high CBFV in asphyxiated infants. From our cases , the high CBFV in severely asphyxiated infants seems to be largely independent of the arterial blood pressure and blood gasses in the early neonatal period, but further investigation is required.
In our study, all of the asphyxiated infants with MFV of more than 3 SD above the mean in ACA, except one with ICVV more than 3 SD above the mean, and all but 3 with RI values less than 0.55 suffered major neurological impairment. Therefore, these 3 Doppler ultrasound parameters might provide predictive values for development in asphyxiated infants.
A maturation-dependent increase in CBF occurs in the human infant and this phenomenon is well related to similar increases in cerebral metabolic rates and energy demands10). We have previously reported normal values of CBFV in ACA and ICV, and a linear increase in CBFV in ACA and ICV during the first month of life, in normal term and preterm infants9) . The increase in CBFV probably reflects an increase in CBF15) . Alterations of intracranial pressure and cerebral blood flow velocity in healthy neonates and their implication in the origin of perinatal brain damage. Eur J Pediatr, 147:30-35 (1988) [ Received February 18, 1991 : Accepted February 28, 1991 
